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[57] ABSTRACT

A method for the production of a material for printed
circuits is disclosed. A temporary base is coated by
electroplating with a thin, unbroken and unpatterned
metallic layer having a thickness less than 17um and the
free surface of said metallic layer is bonded to a final
insulating base. The temporary base is thereafter re-
moved and the desired wiring pattern is produced by a
process comprising etching of the metal layer. A mate-
rial for use in production of printed circuits is also dis-
closed comprising a temporary base which is coated by
electroplating with a thin, unbroken and unpatterned
metal layer having a thickness less than 17um. Said
material can comprise a final, insulating base bonded to
the free surface of the thin metal layer.

27 Claims, 17 Drawing Figures



U.S. Patent

]

]

2 Vo SIS S SIS LS IS AILASL :

!

Oct. 31, 1978

Fig. T

UI

!flfflfflflllfflffl s

QAN

\\\\\\\\\

Fig.2 @

3

v I ST ST LSS S ALY 17

NN\
NONNNNRNNRN \\

Ir

Fig.3

PN SN NSNS AN NS NN

ARONNNNNNNNNY
Fig. 4
’ N,

Wffllllllfliflffflliﬁ

1“‘1“‘.‘““““““1

o W T " T T T Y T T T

ANANCNARNNN

Sheet 1 of 2

1-.""_"1"."‘“““\“‘\‘\‘\“\\\.‘\.\\

“-\\\1\ SSANANGNNL NN

ng 73

13
12
11—

A;’j Ilflfllllfljiffllllffli s

“‘I

\\"\\\\ DNNRNN \\\ “

Fig. 14

17

VIS 5 SIS IS ATLA SIS IS SIS s

SN

AMAMLARNRIRNRN

11

Re. 29,820



Re. 29,820

Sheet 2 of 2

Oct. 31, 1978

U.S. Patent

o ol E _m _m al AN S W e AR AR A A o

qce, (PEC y¢ Acc

RN RN

” ~~~~~~~~~

AT S A RN NS

““““““““““““““““““““

W e ey W e e dh R L ERLEDL WX W T3

s e ar o e P O e e el W b MR S S S




Re. 29,820

1

METHOD FOR THE PRODUCTION OF
MATERIAL FOR PRINTED CIRCUITS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue,

This is a continuation of application Ser. No. 283,935,
filed Aug. 28, 1972, now abandoned.

The present invention relates to a method for produc-
ing material for printed circuits, said material compris-
ing a thin layer of metal on an insulation-carrier or base.

Printed circuits are used to a large extent in the ¢lec-
tronics industry. They are usually produced with a
copperclad plastic laminate as starting material. A copy
of the desired wiring pattern is transferred to the copper
layer by printing or by a photochemical method. The
applied copy, the so-called etch resist acts as a protec-
tion during a subsequent elimination by etching of su-
perfluous copper. Thereafter electronic components are
mounted to the laminate with the circuit thus obtained.
The copper conductors of the circuit constitute the
electrical connections and the laminate provides the
required mechanical support. This technique provides
good possibilities of space and weight saving build-up of
the electronic unit. The method affords high reliability
and rational production.

The most common bases are paper-reinforced pheno-
lic laminates which are used for comparatively simple
circuits, and glass cloth reinforced epoxy resin lami-
nates which are used where the technical requirements
are high. Use is also made of fibre reinforced plastic
laminates of other types. Base materials of the type
plastic films and plastic coated metal plate are also used
to a certain extent. For producing the copper coating or
layer it is common to use copper foils or sheets which
are placed on a base-forming fibre material impregnated
with partially cured or hardened plastic (so called pre-
preg) whereupon the composite material is moulded at
high pressure and increased temperature. The final cur-
ing of the plastic is thereafter effected whereby the fibre
material is converted into a sheet bonded to the copper
foil. The copper foil has usually a thickness of 35 pm,
but also thicker and thinner foils can be used. Accord-
ing to another known method of the copper foil is glued
to a plastic film by means of heat and pressure.

Owing to the rapid development in the electronics
field the demand for printed circuits with good dimen-
sional precision, especially in circuitry with small line
width and small distances between conductors, is in-
creasing. Already at present printed circuits with a line
width of 0.2 mm are required in many cases. Even
smaller dimensions have been used and the need thereof
is supposed to increase in the future. This development
has led to a demand for laminates with thinner copper
layers. Lately laminates with 17 um thick copper foils
have come into use to an increasing extent. By using
thinner copper foils advantages are gained, ia. a de-
crease of so-called “undercut”. By undercut 1s meant
the elimination of copper under the etch resist caused
by the etching solution which while dissolving the un-
protected portions of the copper layer also eats into the
copper covered by the etch resist. The undercut is a
difficult problem causing unacceptably low dimensional
accuracy especially in circuits with fine-line conduc-
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tors. The effect of the undercut at varying thickness of
the copper layer shall be explained in more detail in the
following description.

By means of a suitable technique it is possible to ob-
tain a high degree of precision in the application of the
etch resist proper. However, owing to the undercut,
difficulties arise in maintaining the good dimensional
accuracy as to, for instance, the line width which the
technique involving masking by means of an etch resist
makes possible per se.

For some applications, very exactly defined distances
between conductors are required, even for ordinary-
dimension circuits. This is particularly true in applica-
tions, where electrical influence between conductors
must be considered, i.a. in electronic systems which are
to operate at high frequencies.

Thin copper-layer clad laminates can be used with
advantage also for this purpose.

There are other advantages with thinner copper lay-
ers. Thus, the etching time is considerably reduced and
the amount of etching solution consumed is also re-
duced. The amount of copper required for obtaining the
copper layer is likewise reduced. For these reasons thin
copper layers can be favorable also if the requirements
as to the dimensional accuracy are not very high.

If an increased thickness of the copper conductors 18

“desirable the thickness can be increased by chemically

or electolytically depositing copper according to
known techniques. By this procedure copper 18 depos-
ited only on the portions of the copper layer constitut-
ing the conductors of the final printed circuit which
portion usually is the minor portion of the total surface
of the printed circuit. By suitable techniques the in-
crease of the thickness of the copper layers can be ef-
fected with good dimensional accuracy and in the case
of insulation bases which are provided at both sides
thereof with a conductor pattern of copper the increase
of the copper thickness can suitably be carried out in
connection with a so-called through-holes plating
which is a method often used for providing electrical
connections between the printed circuits on each sides
of the base and for providing holes for the mounting of
electrical components. Thus, no extra process step 1s
required to increase the thickness of the conductors.
The method also gives the advantage that the main
portion of the conductors of the circuit and the copper
layer in the holes will consist of homogenous and simul-
taneously deposited metal which is favorable from the
point of view of reliability.

From the above discussion the advantages gained by
using bases with thinner metal layers than what is usual
at present in the manufacture of printed circuits clearly
appear. In a common method for the production of
metal coated, insulating bases for printed circuits an
unbroken or continuous, non-patterned metal foil or
sheet is used as a starting material which foil is bonded
to the base by moulding at increased temperature or in
other manner. The most commonly used metal foil 1s a
copper foil produced electrolytically. Such a copper
foil has a high degree of purity. However, considerable
problems occur if an insulating base with a copper foil
having a thickness less than 17 pm shall be produced
according to this method, since there are great difficul-
ties in connection with the practical handling of such
thin copper foils. Another considerable disadvantage of
this known method in the case of very thin copper foils
produced electrolytically is due to the fact that the
copper foil has often cavities and through-going holes,
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so called micropores, the latter being, for reasons easily
realized, more difficult to avoid with decreased thick-
ness of the foil. During the moulding of the laminate
still uncured resin material can penetrate through the
pores and accumulate on the free surface of the foil
where it can give raise to great difficulties i.a. during the
subsequent etching of the copper foil when the resin on
the surface act as an unwanted etch-resist.

Another method has been suggested according to
which a thin copper layer is deposited on an insulating
base by direct plating on the base. Such plating must be
effected at least partly by other method than by electro-
plating since the carrier is of an insulating material. An
applied method is chemical plating which, however, is
comparatively expensive and complicated. Thus, for
instance, the surface of the laminate must often be pre-
treated for assuring good bonding of the deposited cop-
per. This pretreatment can give rise to deep cavities in
the base which cavities will be filled by copper at the
plating procedure. This necessitates relativvely long
etching times for assuring that all copper is removed
from the etched portions of the laminate. The pro-
longed etching fime increases the production costs and
will also lead to an increased undercut even in the case
of lammnates with thin chemically deposited copper
layers.

For completing the picture of the prior art in the
manufacture of materials for printed circuits a method
shall be mentioned which is described in, for instance,
the U.S. Pat. No. 2,692,190. According to this patent a
final wiring pattern of copper is applied to or formed on
a temporary base whereupon this base with the pattern
facing a final, insulating base, and with the resin mate-
rial of the base still uncured is moulded to the final base.
In the moulding operation the wiring pattern is usually
brought to penetrate into the final base. After final cur-
mg or hardening the temporary base is removed, for
instance by etching. This method which has been de-
scribed in connection with ordinary copper layer thick-
nesses has often the purpose of providing a final printed
circuit in which the surface of the wiring pattern is
situated at the same level as the surrounding surface of
the msulating base. This makes it possible to use so-
called glide contacts in the circuit arrangement for
which the circuit is to be used. However, it has turned
out that this known method has certain inconveniences
which can cause trouble at least in certain applications.
Some of these inconveniences have been discussed in
the British Pat. No. 1 116 299, and in connection with
the present invention it shall be further pointed out that
practical and economical difficulties arise when the
method shall be used for the production of printed cir-
cuits with a very high degree of precision which is
required 1.a. in the manufacture of circuits with very
narrow wiring pattern conductors and very small dis-
tances between the conductors. After the etching the
temporary base with the wiring must be handled and
transported and moulded to the final insulating base and
these steps combine to decrease the accuracy of the
method. It is also to be understood that the method is
practically unusable if laminates with wiring patterns on
each side of the final base and with so-called through-
holes plating shall be produced. Finally it should be
pointed out that an increase of the thickness of the cop-
per conductors on the final base 1s connected with great
difficulties if a high degree of accuracy is desired.
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The inconveniences of the known methods pointed
out above are avoided to a very high degree by the
application of the present invention.

A method according to the invention for the produc-
tion of a material for printed circuits which material
comprises a layer of metal on an insulating base is char-
acterized in that a thin, unbroken and unpatterned metal
layer having a thickness less than 17 um is applied by
electroplating to a temporary base, preferably of a
throw-away type, in the form of a metal foil of alumi-
num, zinc or their alloys or steel, that the free surface of
the said, on the temporary base electroplated, thin metal
layer 1s brought to a strong adhesion to a final, insulat-
ing base and that the temporary base is removed, where-
upon desired wiring patterns of printed circuits can be
produced by a process comprising etching of the metal
layer bound to the final insulatng base.

The thickness of the thin metal layer, should accord-
ing to the invention be between 1 and 15 um, preferably
between 2 and 10 um, and can be, for instance about 5
Lm.

It is not necessary to carry out the various steps of the
method according to the invention one immediately
after the other and in one and the same locality but the
procedure can be divided in time and space by sepa-
rately producing one or more intermediate products
which are thereafter subjected to complementary treat-
ment for carrying out the complete method according
to the invention.

The thin metal layer which is to form the wiring
pattern can suitably consist of copper or nickel or their
alloys. The metal layer can be a single layer or consist of
a combination of two or more layers of different metals
or alloys thereof. Other metals than those mentioned
above and other combinations of metals can also be
used.

The final, insulating base can suitably consist of a stiff
sheet of plastic which may be fibre-reinforced, for in-
stance of a sheet of glass fibre reinforced epoxy resin,
but it can also consist of a plastic film which may like-
wise be fibre-reinforced.

According to a further development of the invention
for application especially in the case when a foil of
aluminum or an alloy thereof is used as a temporary
base a relatively thin layer of zinc, tin or their alloys
can be applied on the surface of the temporary base
facing the metal layer, before applying the metal layer
by electroplating.

The invention also relates to a material for printed
circuits produced by the method according to the in-
vention and to materials intended to be used in the form
of intermediate products for carrying out the method
according to the invention. A first intermediate product
consists of a temporary base of a throw-away type in the
form of a foil of aluminum, zinc or their alloys or steel
with at least one unbroken or continuous, thin layer of
metal applied by electroplating, said layer having a
thickness less than 17 um, suitably a thickness of 1 -~ 15
pum, and preferably a thickness of 2 - 10 um. A second
intermediate product consists of said first intermediate
product laminated or moulded with the final insulating
base with the thin metal layer facing the final base and
bound thereto.

The invention will be more fully described hereinbe-
low with reference to the drawings. In the drawings,

FI1GS. 1 - 3 illustrate the influence of the thickness of

the copper layer on the so called undercut in an
etching procedure.
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FIGS. 4 - 10 illustrate a method according to one
embodiment of the invention.

FI1G. 11 illustrates a modified method.

FIGS. 12 - 14 illustrate a method according to the
invention in which the thickness of the wiring pattern
forming portions of a thin metal layer are increased by
plating, whereupon the other portions of the metal layer

are removed by etching.
FIG. 15 illustrates the result after a so called through-

holes plating.

FIG. 16 shows schematically a device for producing,
according to the invention, materials for printed circuits
and

FIG. 17 illustrates schematically a further embodi-
ment of the method according to the invention.

In FIGS. 1 - 3 there is shown in cross-section a metal
layer of copper 2',2"" and 2'" respectively, of a printed
circuit, said layer being bonded to an insulating base 1
and covered by an etch resist 3. In FIG. 1 the reference
4 designates the cavity in the metal layer under the etch
resist caused by the etching. U’ being the measure of the
undercut. In FIGS. 2 and 3 the undercut is designated
with U” and U’ respectively. The metal layer 2’ ac-
cording to FIG. 1 is relatively thick, about 35 um, and
requires a long etching time, the undercut being in this
case considerable. The metal layer 2" in FIG. 2 is thin-
ner, about 17 um, and the undercut U” is considerably
less than U’ in FIG. 1. The metal layer 2"’ is very thin,
for instance about 5 um, and requires only a short etch-
ing time. The undercut U™’ is here neglectable even at
very small width of the conductors formed by the metal
layer.

FIGS. 4 - 10 illustrate a method according to the
invention. On a temporary base 5, FIG. 4, of aluminum
a thin copper layer 6, FIG. §, with a thickness less than
17 um, is deposited by electroplating. The material
according to FIG. 5 is thereafter laminated or moulded
with a final, insulating base 7, for instance of glass fibre
reinforced epoxy resin, with the copper layer facing the
final base, FIG. 6, whereupon the temporary base 5 is
removed, for instance by peeling or by etching. On the
product, FIG. 7, thus obtained an etch resist 8, FIG. 8,
is then applied, which corresponds to a desired pattern,
whereupon the uncovered portions of the thin copper
layer are removed by etching, FIG. 9. After dissolving
the etch resist 8 the final printed circuit is obtained,
F1G. 10.

The material shown in FIG. 7 can, as shown in FIGS.
8 and 9, be used as such, in which case the advantage is
obtained that the undercut is neglectable. This advan-
tage can, however, be maintained also if it is desired to
produce wiring patterns with increased conductor
thickness, and FIGS. 12 - 14 show how this can be
achieved.

On an insulating base 11 a copper layer 12 with a
thickness of, for instance, 5 pm has been deposited by
means of a method according to the invention. For
increasing the thickness of the conductors a mask 13
corresponding to the negative of the desired conductor
pattern is first applied to the copper layer 12, as shown
in FIG. 12. Thereafter further copper 16 is deposited on
the layer 12 by electroplating until the desired conduc-
tor thickness, for instance 35 um, has been obtained
whereupon a different metal serving as an etch resist 17
is applied to the deposited copper, all as shown in FI1G.
13. Finally the mask 13 is dissolved and the thin copper
layer covered by the mask is removed by etching which
takes only a short time. The result is shown in FIG. 14
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from which appears that a conductor with a consider-
able thickness, for instance 35 um, and with very accu-
rate dimensions has been achieved, the latter thanks to
the absence of mentionable undercut.

In FIG. 15 a so called through-holes plating method
is illustrated which can suitably be carried out simulta-
neously with plating for achieving increased conductor
thickness are illustrated in FIGS. 12 - 14. An insulated
base 21 is provided on each side thereof with a very thin
copper layer 22a and 22b respectively, by a method
according to the invention. In the composite material
through-going holes 24 have been made, for instance by
drilling. After pretreatment of the holes and after mask-
ing in a known manner plating is carried out whereby
the deposited copper material is applied on the un-
masked portions of the thin copper layer and on the
inner walls of the holes until the desired plating thick-
ness has been achieved. After removing the mask and
etching the underlying portions of the copper layer the
final product shown in FIG. 15 is obtained. It appears
that the deposited copper layers 23a on the thin copper
layers and the deposited copper layers 23b on the walls
of the holes 24 become approximately equally thick and
have good connection to each other which is of great
importance from the point of view of reliability.

The temporary base used in the method according to
the invention need and should not be thicker than what
is required for forming and supporting the thin copper
layer so that the composite material consisting of the
temporary base and the copper layer can be handled
comfortably during the further processing. The tempo-
rary base should preferably be of the throw-away type
so that is can be destroyed after use. The thickness of
the temporary base depends on the stiffness of the mate-
rials used but should suitably be not more than 0.2 mm,
preferably not more than 0.1 mm and can be, for in-
stance, about 0.03 mm. A further advantage with the
invention is that the temporary base can serve as protec-
tion against oxidation, scratching and other damage of
the thin metal layer during transport, storing and me-
chanical treatment of the laminate. The temporary base
is then removed in connection with the manufacture of
the printed circuit. .

Another advantage is related to the aforementioned
presence of through-going holes, so called micropores,
in the copper layer, said micropores being difficult to
avoid in an electroplating process. These micropores
create, as mentioned, difficulties, since part of the resin
flows up to the surface of the copper through the micro-
pores during the high pressure moulding applied for the
manufacture of, for instance, glass cloth reinforced
epoxy resin laminate. The patches of eopxy resin on the
copper surface are highly harmful in the manufacture of
the printed circuit both in the etching, plating and sol-
dering steps. The thinner the copper foil the more diffi-
cult it is to avoid this problem. The present invention
solves the problem, since the temporary base constitutes
an effective barrier during the moulding operation pre-
venting any flow-up of resin on the surface of the cop-
per layer.

Before the temporary base with an even copper layer
is moulded to the final base it is suitable to subject the
copper to a surface treatment for improving the bond
between the copper and the resin of the final base. This
surface treatment often makes the surface of the copper
uneven. The thickness of the deposited copper layer 1s
therefore calculated as an average thickness. An aver-
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age thickness of 10 um corresponds to a surface weight
of about 87 g/m-.

The method according to the invention is further
Hlustrated by the following examples.

EXAMPLE 1

An aluminum foil (50 um) was washed in a cleaning
solution consisting of water, sodium carbonate and so-
dium phosphate. The foil was then washed in water and
was thereafter electroplated in a water solution contain-

ing

Cu(CN), 25 g/]
NaCN 20 g/]
Na CO3 3[} gﬂ
Nabl—l 3 g/
Rocheile salt 70 g/i

for 2 minutes at 45° C with a current density of 15
mA /cm? After washing the foil was plated for 2 min-
utes with a current density of 50 mA/cm?at a tempera-
ture of 42° C in a water bath containing

CuSO 170 g/l
H,SO, 50 g/1

Thereafter the electroplating was carried out in the
same bath at a current density of 200 mA/cm? during 2
minutes for achieving a surface with high crystallinity
and good adhesion to epoxy resin. A copper layer with
a thickness of 5 um was obtained. |

After the plating the aluminum foil was washed and
dried whereupon it was placed on a few sheets of an
epoxy resin inpregnated glass web with the copper
coated surface facing said sheets. The laminate was
moulded under pressure and the aluminum foil could be
peeled off after the moulding operation.

The copper layer bound to the final laminate had an
adhesion to the base, a so-called peel strength, of 8.5
Ibs/1n measured according to the standardized measur-
ing method ASTM D/1867 after increasing the thick-
ness of the copper layer by plating to 35 um. The thick-
ness of the metal layer obtained by plating can be
changed in a simple manner by varying the plating time
and/or the current density. On the laminate thus ob-
tained a wiring pattern for the desired prninted circuit
was thereafter etched in a manner known per se.

EXAMPLE 2

A laminate was produced in the same manner as ac-
cording to Example 1 but the aluminum foil was etched
away In hydrochloric acid instead of being removed
mechanically by tearing. The peel strength was 9.0
Ibs/1in.

EXAMPLE 3
A zinc foil (80 um) was plated in a bath consisting of

CuS0, . 5SH,O
H,S50,

220 g/1
100 g/1

during 2 minutes at 20° C with a current density of 100
mA/cm?. After washing the foil was plated during 20

seconds at room temperature in the same plating bath 65

with a current density of 500 mA/cm?. Thereafter plat-
ing took place in the same bath for 30 seconds at a
current density of 50 mA/cm? A copper layer of 6 um
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was thereby obtained. After moulding according to
Example 1 the zinc foil was etched away by means of
hydrochloric acid. On the final laminate the copper
layer had a peel strength of 12 lbs/in.

EXAMPLE 4
A steel foil (100 pm) was plated in a bath consisting of

CuP,0,
K,P,0,

50 g/1
250 g/1

for 2 minutes at 35° C with a current density of 24
mA/cm’. After washing the foil was plated for 3 min-
utes at 35° C in a plating bath consisting of

CHSG‘_ : SHEO
H,SO,

225 g/1
100 g/)

at a current density of 100 mA/cm?.

The foil was thereafter plated at 35° C in the same
bath for 20 seconds at a current density of 500 mA /cm?.
Thereafter the foil was plated once again at 35° C in the
same bath for 20 seconds at a current density of 100
mA/cm?.

A copper layer with a thickness of 10 um was ob-
tained. After moulding as according to Example 1 the
steel foil could be peeled off. The copper layer of the
final laminate had a peel strength of 10.5 Ibs/in.

EXAMPLE 5

An aluminum foil was plated with a 5 um thick cop-
per layer in the manner described in Example 1. There-
after the foil was moulded under heat and pressure to a
75 um thick plastic film of the type polyethylene tere-
phthalate with the copper coated surface facing the
film. As binding agent heat curing polyurethane resin
was used. After the bonding of the metal foil to the
plastic film the aluminum foil could be peeled off. A
flexible laminate consisting of a plastic film coated with
a 5 um thick copper layer was obtained.

EXAMPLE 6

An aluminum foil was plated with a 10 um thick
copper layer in the manner described in Example 1.
Thereafter the foil was placed on a sheet of “non-
woven” cloth of polyester fibre which had been im-
pregnated with a partly cured epoxy resin, the copper
coated surface of the foil facing the impregnated cloth.
After moulding at a raised temperature the aluminum
foil could be peeled off. The copper clad laminate ob-
tained had good flexibility.

EXAMPLE 7

An aluminum foil was plated with a 3 pum thick cop-
per layer in the manner described in Example 1. There-
after the copper clad surface of the foil was coated with
a 75 um thick layer of partly cured epoxy resin of the
heat resistant type. A 1 mm thick copper plate was also
coated with a 75 um thick layer of partly cured epoxy
resin of the same type. By electrolytical treatment the
copper plate had been rendered a surface giving good
adheston to epoxy resin. The foil and the copper plate
was moulded together under heat and pressure with the
epoxy resin coated surfaces facing each other. Thereaf-



Re. 29,820

9

ter the aluminum foil was etched away in hydrochloric
acid. The final laminate consisted of a copper plate and

a 3 um thick copper layer with an electrically insulating
layer of epoxy resin therebetween. The copper plate
assured effective dissipation of heat from a heated arti- 3
cle which was soldered to the thin copper layer.

From an economical point of view the most advanta-
geous temporary base to be used in the method accord-
ing to the invention is an aluminum foil which is cheap,
easy to etch and gives less dangerous waste products
from the point of view of environment protection. The
use of such a foil is, however, not free from problems. It
is difficult to obtain a good adhesion in the application
by plating of a metal layer on an aluminum foil. This 1s
true i.a. if it is desired to apply a copper layer on the foil.
In this case it is usually necessary to utilize a cyanide
containing plating bath which gives rise to waste prod-
ucts which are dangerous to the environment. The han-
dling of cyanides during the plating process is also con-
nected with risks.

According to an embodiment of the invention a tem-
porary base of aluminum foil is used which is coated
with a thin layer of zinc or tin, preferably with a thick-
ness less than 2 um, and the thin metal layer is then
applied to the zinc or tin coating by electroplating. The
adhesion between the metal, for instance copper, and
the zinc or tin layer is very good, and one can also avoid
the use of cyanide containing solutions, if desired. FIG.
11 shows how a temporary base 5 of aluminum has been
provided with a thin layer of zinc 9 on which a copper
coating 6 has thereafter been deposited by electroplat-
ing.
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EXAMPLE 8 s

A hard-rolled aluminum foil was treated for 1 minute
at room temperature in a zincate solution consisting of

95 g/1
520 g/1

ZnO

NaOH 40

After the treatment it was found that the foil was cov-
ered by a layer of zinc. The zinc layer was dissolved by
immersion in 50% HNO,, whereby a clean aluminum
surface was obtained. The aluminum foil was thereafter
treated once again in the above-mentioned zincate solu-
tion for 1 minute at room temperature, whereby a thin
zinc layer with good adhesion to the aluminum foil was
obtained.

The aluminum foil thus treated was plated with nickel
in a Watts solution consisting of

45

50

et

300 g/1
45

Nickel sulphate
g/]
180 g/1

Nickel chloride
Boric acid

33

for 3 minutes at 50° C and a current density of 50
mA /cm?. Thereafter the plating was continued for 1
minute in the same bath at 50° C and with a current 60
density of 150 mA/cm?.

The plated aluminum foil was placed on a few sheets
of epoxy resin impregnated glass cloth with the nickel
coated surface facing said cloth. The laminate was
moulded and the aluminum foil with the zinc layer 65
could be dissolved by means of H,S0,. A laminate
coated with a 5 um thick nickel layer was obtained. The
strength of the bond between the nickel layer and the

10

epoxy glass fibre laminate, the peel strength, measured
on a 35 um thick foil was 12 lbs/in,

EXAMPLE 9

A hard-rolled aluminum foil was immersed for 3
minutes in a 5% NaOH-solution. Thereafter the foil was
immersed for 1 minute in a zincate solution of

il

NaOH 60 g/1
ZnO 6 g/l
FeCl,. 6H,0 2 g/l
Rochelle salt 55 g/1
NENOJ i gfl

The zinc-treated aluminum foil was plated with brass
for 6 minutes at 60° C and a current density of 40
mA/cm?in a bath containing |

CuCN 55 g/l
Zn{CN) 31 g/1
NaCN 95 g/1
Na,CO 35 g/l
N ,,,oﬁ 10 g/1

I — R

A laminate was produced in the same manner as accord-
ing to Example 8. The temporary base could be dis-
solved by means of H,SO, after the moulding. A lami-
nate with a 4 um thick brass layer was obtained. The
proportion between copper and zinc of the brass was
about 70:30. The peel strength was 6 Ibs/in.

EXAMPLE 10

A hard-rolled aluminum foil was zinc-treated in the
same manner as according to Example 8. Thereafter the
foil was plated with brass for 5 minutes at room temper-
ature and a current density of 50 mA/cm? in a bath

containing

CuCN 20 g/1
Zﬂ(CN}z 45 g/l
NaCN 50 g/1
Na,CO, 32 g/]
NaOH 30 g/1
Rochelle salt

5 8/1

A laminate was produced in the same manner as accord-
ing to Example 8. The temporary base could be dis-
solved by means of H,SOj after the moulding. A lami-
nate with a 5 um thick layer of brass was obtained. The
proportion between copper and zinc of the brass was
about 40:60. The peel strength was 6 lbs/1n.

EXAMPLE 11

An aluminum foil which had been zinc-treated ac-
cording to Example 8 was plated at room temperature
for 1, 2, 5 or 10 minutes respectively at a current density
of 60 mA/cm?in an acid copper solution containing

200 g/l

CuS80,. 5H,0
70 g/

H,SO,

Thereafter the foil was plated at room temperature in
the same solution for 20 seconds at a current density of
200 mA/cm? and thereafter for a further period of 20
seconds at a current density of 50 mA/cm?.

Laminates were produced in the same manner as
according to Example 8. After the moulding the tempo-
rary base was peeled off. The laminates were coated
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with a copper layer with a thickness of 4 um, 5 um, 8
um and 13 pm respectively. The adhesion to the final
base was about 11 lbs/in.

The thickness of the metal layer obtained by plating
can thus simply be changed by varying the plating time
which is shown in Example 11.

FIG. 16 illustrates schematically a continuous pro-
cess according to the invention for the manufacture of a
material for printed circuits consisting of an aluminum
foil with a very thin copper coating deposited thereon.
An aluminum foil 32 is drawn from a storage roll 31 and
is first led through a cleaning bath 33 and thereafter
through a washing tube 34 containing Na,CO,, Na;PO,
or NaOH whereafter the foil is pretreated by means of
a zincate or stannate solution 35 for depositing a thin
layer of zinc and tin, respectively, on the aluminum foil.
After renewed washing in a suitable liquid 36 the foil is
led down into a soluton 37 in a device for electroplating
the surface of the foil coated with zinc and tin, respec-
tively, for obtaining a thin copper layer thereon. The
solution 37 can be, for instance, a solution of copper
sulphate, copper pyrophosphate or copper cyanide.
The foil on the roll 48 serves as a cathode and the plate
41 as an anode at the electroplating procedure. After
the plating the product is washed in a bath 43 and is
dried by means of a device 38, whereupon the copper
coated aluminum foil 42 thus obtained is wound up on
the roll 39. The described process serves only as an
Hlustration. Certain process steps can be eliminated and
other can be added. Thus, for instance, further plating
steps can be required in certain cases.

The present invention also relates to a modified
method which is especially advantageous technically
and economically in the manufacture of certain types of
metal coated plastic films. According to this method the
thin meta! layer carried by the temporary base is coated
with a layer of a resin solution or a prepolymer or a
solution of a prepolymer. It is also possible to use resin
dispersions, melts or other liquid phases of the resin or
its prepolymer. The deposited layer is transformed to
solid phase for instance by evaporation of the solvent
and polymerizing the prepolymer. Thereafter the tem-
porary base can be removed, whereupon a plastic film
coated with the very thin metal layer is obtained. Exam-
ples of metal coated plastic films which can be manufac-
tured with advantage by means of this process are films
of polybenzoxazole, polybenzimidazole, polyimide and
polybutadiene resins. These plastics have good dielec-
tric properties and good heat resistance which is advan-
tageous in printed circuitry. Such metal coated plastic
films find use for instance in the manufacture of flexible
printed circuits.

FIG. 17 illustrates schematically a continuous pro-
cess according to this modified method. From a storage
roll 51 for a foil 52 which, if desired, can consist of the
final product 42 obtained by the process according to
FIG. 16, the foil is drawn horizontally over a support
33, it being assumed that the underside of the horizontal
foil is constituted by a temporary base in the form of a
metal foil 52a and the upper side i1s constituted by a
metal {oil deposited on the temporary base by means of
electroplating and consisting of a thin layer 52b, for
instance of copper. From a container 54 for a fluid
prepolymer 35 of a resin suitable for forming a final,
insulating base of the matenal for printed circuits to be
produced the metal layer is coated with the prepolymer
which is thereafter brought to final polymerization by
means of a suitable apparatus 87 whereby a strong,
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flexible film 56 is obtained. After removing the metal
foil 32a which is wound up on a roll 59 the film 56 with
the thin metal coating bonded thereto is wound up on a
roll 58. For the sake of simplicity further process steps
which can be required, for instance pretreatment of the
component foil materials have not been shown in FIG.
17. From the roll §9 the metal foil can go to replating,
if desired. Instead of peeling off the temporary base the
latter can be removed in any other manner for instance
by etching, which can be carried out with advantage in
immediate connection with the manufacture of the
printed circust.

EXAMPLE 12

An aluminum foil with a copper layer with a thick-
ness of 5 um was produced according to Example 11.
The free copper surface was coated with a layer of a
solution consisting of

15 parts by weight

Polybenzoxazole, prepolymer
85 parts by weight

Dimethylacetamide

The dimethylacetamide was evaporated in an oven
while gradually increasing the temperature from 60° C
to 160° C for 60 minutes. Thereafter the temperature
was increased to 300° C which temperature was main-
tained for 45 minutes. During the last mentioned treat-
ment which was carried out in a nitrogen gas atmo-
sphere the prepolymer underwent a chemical reaction
so that an aromatic polybenzoxazole was obtained.

Thereafter the aluminum foil was etched away by
means of hydrochloric acid. As a result a 25 um thick
film of polybenzoxazole plastic coated with a 5 um
thick copper layer was obtained. The plastic film proper
had high flexibility and a very good heat resistance at
temperatures up to 250° C. The tensile strength was
1050 kp/cm? at 20° C.

The invention is not limited to the embodiment exam-
ples shown and described since they can be modified in
different manners within the scope of the invention.

I claim:

1. A method for the production of a material for
printed circuits by transferring a metal layer via a tem-
porary base to an insulating, final base, comprising elec-
troplating a continuous layer of copper or a copper
alloy to a temporary base of a throw-away type, in the
form of a foil of aluminum or alloy thereof having a
thickness less than 200um, electroplating copper or a
copper altoy for at least one further step to form at least
one further layer by changing at least one of the plating
variables of current density and composition of the
electroplating bath of the first step to improve the adhe-
sion to the final base, said electroplated layers having a
combined thickness of 1-17 um measured by weight,
placing at least one side of a material consisting of par-
tially cured fiber reinforced thermosetting plastic
towards such electroplated layers of copper or copper
alloy of such a temporary base, laminating under heat
and pressure to cure said plastic thereby forming the
final base and bringing about an adhesion between the
electroplated layers and the final base amounting to at
least 6 Ibs/in and removing the temporary base in con-
nection with the printed circuit manuacturing by etch-
ing, stripping, tearing off or a combination thereof,
leaving the thin, electroplated metal layers on the final
base.
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2. A method according to claim 1 characterized in
that the combined thickness of the thin metal layers 1s
1-15 pm. -

3. A method according to claim 1 characterized in
that the combined thickness of the thin metal layers is
2-10 pm.

4. A method according to claim 1 characterized in

that the combined thickness of the thin metal layers is

about 5 pm.
5 A method according to claim 1 characterized in

that the final, insulating base consists of glass fiber rein-
forced epoxy resin.

6. A method according to claim 1 characterized in
that the surface of the temporary base facing said thin
metal layers is treated, before the electroplating pro-
cess, for assuring a satisfactory adhesion to the depos-
ited metal layers.

7. A method according to claim 1 characterized in

that the surface of the temporary base facing said thin
metal layers is coated, before the electroplating process,
with a layer of zinc, tin or their alloys.
8. A method according to claim 1 characterized in
that said temporary base in the form of a foil of alumi-
num, or an alloy thereof is continuously fed through an
apparatus in which said thin, continuous layers of cop-
per or a copper alloy are deposited by electroplating on
at least one side of the temporary base.

9. A method for the production of a material for
printed circuits by transferring a metal layer via a tem-
porary base to an insulating fuel base, comprising elec-
troplating a continuous, even layer of copper or a cop-
per alloy to a temporary base of a throw-away type, in
the form of a foil of aluminum or alloy thereof having a
thickness less than 200 um, electroplating copper or a
copper alloy for at least one further step to form at least
one further layer having an uneven surface by changing
at least one of the plating variables of current density
and composition of the electroplating bath of the first
step to improve the adhesion to the final base, said elec-
troplated layers having a combined thickness of 1-17
pum measured by weight, placing at least one side of a
material consisting of partially cured fiber reinforced
thermosetting plastic towards such electroplated layers
of copper or copper alloy of such a tempoarary base,
laminating under heat and pressure to cure said plastic
thereby forming the final base and bringing about an
adhesion between the electroplated layers and the final
base amounting to at least 6 lbs/in and removing the
temporary base in connection with the printed circuit
manufacturing by etching, stripping, tearing off or a
combination thereof, leaving the thin, electroplated
metal layers on the final base.

10. A method for the production of a material for printed
circuits comprising electroplating a continuous layer of
copper or a copper alloy to a temporary base of a throw-
away type, in the form of a foil of aluminum or alloy
thereof having a thickness less than 200 pm and electro-
plating copper or a copper alloy for at least one further step
to form at least one further layer by changing at least one
of the plating variables of current density and composition
of the electroplating bath of the first step to improve the
adhesion to a final base, said electroplated layers having a
combined thickness of 1-17 um measured by weight.

11. A method according to claim 10 characterized in
that the combined thickness of the thin metal layersis 1-15

wm.

10

15

20

23

14

12. A method according to claim 10 characterized in
that the combined thickness of the thin metal layers is 2-10

m. |
g 13. A method according to claim 10 characterized in
that the combined thickness of the thin metal layers is
about 5 pm.

14. A method according to claim 10 characterized in
that the surface of the temporary base facing said thin
metal layers is treated, before the electroplating process, for
assuring a satisfactory adhesion to the deposited metal
layers.

15. A method according to claim 10 characterized in
that the surface of the temporary base facing said thin
metal layers is coated, before the electroplating process,
with a layer of zinc, tin or their alloys.

16. A method according to claim 10 characterized in
that said temporary base in the form of a foil of aluminum,
or an alloy thereof is continuously fed through an appara-
tus in which said thin, continuous layers of copper or a
copper alloy are deposited by electroplating on at least one
side of the temporary base.

17. A method for the production of a material for printed
circuits comprising electroplating a continuous, even layer
of copper or a copper alloy to a temporary base of a throw-
away type, in the form of a foil of aluminum or alloy
thereof having a thickness less than 200 um, and electro-
plating copper or a copper alloy for at least one further step
to form at least one further layer having an uneven surface

30 by changing at least one of the plating variables of current
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density and composition of the electroplating bath of the
first step to improve the adhesion to a final base, said elec-
troplated layers having a combined thickness of 1-17 pm
measured by weight.

18. A method for the production of a material for printed
circuits by transferring a metal layer via a temporary base
to an insulating, final base, comprising electroplating a
continuous layer of copper or a copper alloy to a temporary
base of a throw-away type, in the form of a foil of alumi-
num or alloy thereof having a thickness less than 200 pm,
electroplating copper or a copper alloy for at least one
further step to form at least one further layer by changing
at least one of the plating variables of current density and
composition of the electroplating bath of the first step 1o
improve the adhesion to the final base, said electroplated
layers having a combined thickness of 1-17 pm measured
by weight, placed at least one side of a material consisting
of partially cured fiber reinforced thermosetiing plastic
towards such electroplated layers of copper or copper alloy
of such a temporary base and laminating under heat and
pressure to cure said plastic thereby forming the final base
and bringing about an adhesion between the electroplated
layers and the final base amounting to at least 6 Ibs/in.

19. A method according to claim 18 chacterized in that
the combined thickness of the thin metal layers is 1-15 um.

20. A method according to claim 18 characterized in
that the combined thickness of the thin metal layers is 2-10
wm.

21. A method according to claim 18 characterized in
that the combined thickness of the thin metal layers is
about 5 pm.

22. A method according to claim 18 characterized in
that the final, insulating base consists of glass fiber rein-

65 forced epoxy resin.

23. A method according to claim 18 characterized in
that the surface of the temporary base facing said thin
metal layers is treated, before the electroplating process, for
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assuring a satisfactory adhesion to the deposited metal
layers.

24. A method according to claim 18 characterized in
that the surface of the temporary base facing said thin
metal layers is coated, before the electroplating process,
with a layer of zinc, tin or their alloys.

23. A method according to claim 18 characterized in
that said temporary base in the form of a foil of aluminum,
or an alloy thereof is continuously fed through an appara-
tus in which said thin, continuous layers of copper or a
copper alloy are deposited by electroplating on at least one
side of the temporary base.

26. A method for the production of a material for printed
circuits by transferring a metal layer via a temporary base
to an insulating, final base, comprising electroplatinc a
continuous, even layer of copper or a copper alloy to a
temporary base of a throw-away type, in the form of a foil
of aluminum or alloy thereof having a thickness less than
200 um, electroplating copper or a copper alloy for at least
one further step to form at least one further layer having an
uneven surface by changing at least one of the plating
variables of current density and composition of the electro-
plating bath of the first step to improve the adhesion to the
final base, said electroplated layers having a combined
thickness of 1-17 um measured by weight, placing at least
one side of a material consisting of partially cured fiber
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reinforced thermosetting plastic towards such electroplated
layers of copper or copper alloy of such a temporary base
and laminating under heat and pressure to cure said plastic
thereby forming the final base and bringing about an adhe-
sion between the electroplated layers and the final base
amounting to at least 6 lbs/in.

27. The method of bonding a laminate, said laminate
being made up of a layer of aluminum or allow thereofand
at least two layers of copper, to a layer of partially cured
Jiber-reinforced thermosetting plastic, said laminate having
been obtained by electroplating a continuous layer of cop-
per or a copper alloy to a layer in the form of a foil of
aluminum or alloy thereof having a thickness of less than
200 um, electroplating copper or a copper alloy for at least
one further step to form at least one further by changing at
least one of the plating variables of current density and
composition of the electroplating bath of the first step, said
electroplated layers having a combined thickness of 1-17
pm measured by weight, this method comprising placing at
least one side of said layer of partially cured fiber-rein-
forced thermosetting plastic towards such electroplated
layers of copper or copper alloy, laminating under heat and
pressure to cure said plastic and bringing about an adhe-
sion between the electroplated layers and the said plastic

amounting to at least 6 lbs/in.
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